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Gas lubricated mechanical face seal are ubiquitous in many high performance applications such as compressors 
and gas turbines. The literature contains various analyses of seals having orderly face patterns (radial taper, waves, 
spiral grooves, etc.). These are useful for design purposes and for performance predictions. However, seals 
returning from service (or from testing) inevitably contain wear tracks and warped faces that depart from the 
aforementioned orderly patterns. Questions then arise as to the heat generated at the interface, leakage rates, axial 
displacement and tilts, minimum film thickness, contact forces, etc. This work describes an analysis of seals that 
may inherit any (i.e., random) face pattern. A comprehensive computer code is developed, based upon the Newton- 
Raphson method, which solves for the equilibrium of the axial force and tilting moments that are generated by 
asperity contact and fluid film effects. A contact mechanics model is incorporated along with a finite volume 
method that solves the compressible Reynolds equation. Results are presented for a production seal that has 
sustained a testing cycle. 
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(II) Next Generation (no classification needed, including multi-effects) 
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Prong I: Real-Time 
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Prong II: Seal Control 
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Tim0 (Min.) 
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Prong III: Crack Detection in 
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Part I Part II Part III 
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Supercritical 2X Component 
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Robust Modeling 
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Objectives (cont.) 
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Out-of-Service faces 
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Incompressible Flow 
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Compressible Flow — 
Herrinqbone waw seal 



NASA/CP — 2007-2 1 4995/VOL 1 


310 


NASA Seals Workshop Dr. Itzhak Green, GA Tech, Mechanical 

November 14-15, 2006 Engineering, Atlanta GA 30332 

green@gatech.edu 




NASA/CP — 2007-2 1 4995/VOL 1 


311 




Rough Surfaces — Statistical 
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Soiral Groove f example 
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Axial Force Frequency Responses for Mechanical Face Seal 
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Direct Moment Frequency Responses for Mechanical Face Seal 
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Cross- Coupled Moment Frequency Responses for Mechanical Face Seal 



LO 






3 


NASA/CP — 2007-2 1 4995/VOL 1 


318 


■ct/Q 





NASA/CP — 2007-2 1 4995/VOL 1 


319 




NASA/CP — 2007-2 1 4995/VOL 1 


320 



A 



NASA/CP — 2007-2 1 4995/VOL 1 


321 





NASA/CP — 2007-2 1 4995/VOL 1 


322 


NASA Seals Workshop Dr. Itzhak Green, GA Tech, Mechanical 

November 14-15, 2006 Engineering, Atlanta GA 30332 

green@gatech.edu 



n 

0) 

■o 

o 

u 

"ro 

V 

(/) 


Jfl 

c 

CD 

£ 

E 

o 

o 


0 

3 

< 


U 

2 


c 

o 

i i 
* '(/) 
T3 — 

cd a 

CD ,u 

w'S 

c E 

o 3 
c 

5 £ 

S2 

CD 4- 
CO -Q 

£| 

8 s 

■■= jh 

>> o 

® ■ — 
CD -o 
Tj q 
TD Cl 
CD V) 

= i 

S 2 

cn 

« & 
^ to 


CO 

a> 

5k 


CD 

-t— i 

C 

Q 

a 

c 

o 

i*. 

CD £ 0 
£ O Tj 
■■^ '■£= 0 
(J ra m 

0 u r 


CO 0 

CO S, 


£ 

cr 

CD 

eT® 

2 £ 
a. 2 
0 0 
E t 
0 TZJ .2 

- y S. 



stAfif 


to 0 

_ = 


5 ^ 

o ra 
u £ 

° s 


c 2 
2 ' ® 


0 s 

Q. C 
0 O 


E o 
ra to 2 
0 0® 


■0 
.— . o 

™ E 


o £ -g 
2 "P S 
o S E 

u 0- 
0 0 0 
W % 

® ® a 

0 £ F 

f ra 8 

l-s g 


CD ® 

i o 

0 u 

U ■ — 

L_ -0 

CD .O 

Jl 


CD LD CD N ffl 


CL 

O 

0 

> 

0 

*0 

0 

■0 

£ 

3 


£ 

i E 

O 5k 

£ .2 “ rt <0 
— x i= O 0 
rt (B ® c > 


cn Tt uj to r- ^ 



CO 

4> 

5K 


tO CO CO to 
0 0 0 0 
5k 5k 5k 5k 


0 

0 

5K 


to to 
0 0 
5k 5k 




£ 

o 

£ 

5k 





5 

jo 




£ 

jo 

3 

0 

£ 

to 

o 

0 


0 

to 

0 



to 

"to 

to 

< 

0 


X 


0 

o 

0 

0 

0 

O 

o 

0 

0 

0 

1— 

>i 

(O 

CD 

0 

>i 

£ 

>i 


5k 

£ 

£ 

5k 


5k 




0 












a 

CO 



E 












a 


c 

E 







___ 

___ 




LU 


o 

5K 




CM 

CM 


to 

CO 




>< 


£ 

to 

tr 


to 

to 

to 

to 

to 

to 





O 

’ — ' 

X 


o 

0 

0 

0 

0 

0 

0 

O 

o 

O 


£ 

CO 

flj 


£ 

5k 

5k 

5k 

5k 

5k 

5k 

£ 

£ 

£ 

LU 



0 












5 



E 












a: 

^ „ 


E 










— . 


< 

CD 


5k 

to 




S 

S 

S 






CL 

LU 

o 


X 

(TJ 


to 

0 

to 

0 

0 

"to 

0 

"to 

0 

O 

Q 

O 

"to 

0 

0 

CA 

C 

CM 



>i 

>, 

5k 

>, 

5k 

£ 

£ 

£ 


£ 




E 












CL 


£ 

E 












2 

O 

0 

0 

O 

£ 

5k 

to 

X 

'l 

4-) 

o 

to 

0 

to 

0 

o 

co 

to 

0 

o 

o 

O 

o 

O 

o 

> 

ro 

CD 

0 

c 

5k 

5k 

C 

5k 

c 

c 

c 

c 

£ 

CL 



E 












2 


c 

E 












O 

u 

2 

to 

0 

O 

£ 

5k 

to 

X 

"l- 

-*-■ 

to 

0 

O 

W 

0 

o 

CO 

"to 

0 

o 

o 

o 

o 

Q 


>. 

CO 

CD 

0 

>1 

£ 


£ 

5k 

£ 

£ 

£ 

£ 

£ 


O 

E 

flj 

£ 

5k 

Q 

£ tO 

■S> ^ 

(0 5k 

g “ 




E 

o 

T3 

0 

0 


tO 

0 

0 


0 

LJ 


0 

r> 0 
"to -2 

S « 

g> to 

Q. £ 

E g. 

o £ 

u e 

= o 


cn 

c 


o 

flj 


o 

o 


CD 

c 


o 

« 


0 0 

> 2 11 
Q « O 
O U- +3 

DCB r 

-EE 


_ i | a | o 

o o * q_ _£: 0 

O O 3 V) \- Q 


■D 

0 

0 

Q. 

<n _ 
c .£ 

£ | 
fe *= 

O CO 
0 ^ 
<n 5 



NASA/CP — 2007-2 1 4995/VOL 1 


323 


NASA Seals Workshop Dr. Itzhak Green, GA Tech, Mechanical 

November 14-15, 2006 Engineering, Atlanta GA 30332 

green@gatech.edu 




